Background
Despite the increasing number of studies focusing on the treatment of strabismus, there is little robust evidence regarding the vision-related quality of life (QoL) of individuals with this condition or the impact of strabismus treatment on the QoL of patients. The World Health Organization (WHO) defines health-related QoL (HRQoL) as an "individuals' perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns". 1 Today, individuals care not only about the effectiveness of a treatment but also about the effect the treatment will have on their QoL. Questionnaires that measure QoL are important tools in assessing patients' psychological well-being, pain, social function, and physical health. More research is now being conducted into visionrelated QoL, 2 and QoL questionnaires have been designed to examine vision-related pain, social function, and psychosocial status in various eye diseases. [3] [4] [5] [6] [7] However, the impact of strabismus on HRQoL has not been adequately explored.
Strabismus has an incidence of ~10% in the general population. 6 Its presence can have a profound impact on teenagers due to visual dysfunction, lack of confidence, and social and emotional barriers, all of which can decrease HRQoL. 6, 7 In addition, the appearance of misaligned eyes in strabismus patients can result in social discrimination. 8, 9 Several studies have assessed the impact of strabismus on the QoL of adult patients. 7, 10 However, there is little literature on the impact of this condition on 
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Tu et al the HRQoL of teenagers. [6] [7] [8] [9] Most studies to date have found that strabismus reduces QoL. However, these studies have used different questionnaires than those used in the current study and were conducted in different countries. Furthermore, most of these studies included only small numbers of participants.
Several questionnaires have been designed to assess the QoL of patients with eye diseases, including the Amblyopia and Strabismus Questionnaire, the Amblyopia Treatment Index, and the 25-Item National Eye Institute Visual Function Questionnaire (NEI-VFQ-25). [5] [6] [7] 11 The NEI-VFQ-25 is one of the most widely used vision-specific instruments.
11 It contains 12 domains, which are as follows: distance activities, vision-specific domains, color vision, general vision, near activities, general health, ocular pain, peripheral vision, and driving. The scores range from 0 to 100 for each item. The total score is calculated as the average of all items responded to, with the exception of the "general health" question, which is treated as a stand-alone item. Because different people from different countries can vary in both their understanding and expression of vision-related QoL, it is important to take ethnicity into consideration. 12 Therefore, we used a Chinese version of the NEI-VFQ-25 to assess the vision-related QoL of Chinese strabismus patients.
Thus, the aim of this study was to assess the impact of strabismus on the vision-related QoL of Chinese teenagers, using the Chinese version of the NEI-VFQ-25.
Methods

ethical considerations
The Human Ethics Committee of the Eye Hospital at Wenzhou Medical University approved this trial. All participants were given a verbal and written explanation of the study, and no personal information was recorded during the trial. All participants provided written informed consent. The patients with strabismus were assured that the results of the survey would not influence their treatment. This study was conducted in accordance with the Declaration of Helsinki.
Participants
The sample size for each group was calculated based on an alpha significance level of 0.05 and a beta significance level of 0.1 to achieve 90% power to detect a clinically meaningful difference between the two groups. The power analysis showed that 568 patients should be recruited in each group.
A total of 1,060 teenagers with a diagnosis of strabismus were recruited from the Eye Hospital at Wenzhou Medical University. Individuals with other eye diseases, systematic disease, mental health problems, or other health problems were excluded. Twenty patients failed to complete the questionnaire, giving a high response rate of 98%.
A total of 1,002 teenagers with normal vision were recruited from a local high school and formed the control group. Individuals with a history of eye disease, surgery, or other severe health problems were excluded from the study. All the participants in both groups were from the Chinese Han population.
Data collection
For the strabismus group, questionnaires were completed at the hospital and immediately returned. For the control group, questionnaires were completed in the classroom and again immediately returned.
In order to ensure that participants understood the questionnaire, the same researcher remained in the examination room or classroom in order to clarify any items that the participants did not understand.
statistical analysis
Simple descriptive statistics have been used to show the baseline information for the two groups. The chi-square and independent samples t-test were used to compare QoL scores between the two groups. The P-value was set to ,0.05. All data were analyzed using SPSS Version 20.0 (IBM Corporation, Armonk, NY, USA).
Results
Demographic characteristics
The baseline characteristics of the two groups are shown in Table 1 . There were no statistically significant differences between the two groups in their baseline information. Table 2 ). The score differences between the two groups ranged from ~8 to 15 points.
Discussion
There is no vision-specific instrument for assessing HRQoL in a population-based sample of teenagers. To the best of our knowledge, this is one of the first studies to explore issues of HRQoL in association with strabismus in a teenage population in the People's Republic of China. In the present study, we found that QoL scores were lower among teenagers with strabismus compared with those with normal vision across most domains of the NEI-VFQ-25. Significant strengths of our study are the large sample of teenagers and the high response rate. Our study included .2,000 participants, which is more than any previous studies. In addition, the high response rate makes it likely that our findings are representative of all teenagers and may be applicable to other strabismus patients.
We found a negative impact of strabismus on an individual's HRQoL, which is consistent with earlier studies. [13] [14] [15] [16] Previous studies have assessed the impact of strabismus on both adults and children. They found that strabismus plays an important role in selecting a partner for adults and in selecting a playmate for children. 13, 14 It has also been reported, using other questionnaires, such as the Hospital Anxiety and Depression Scale and the WHO QoL measure, that strabismus causes patients to feel embarrassed and that patients' psychological and physical functioning can be significantly improved following treatment. 15 In the present study, we also found that teenagers with strabismus showed lower QoL scores on function-related items than on those related to psychosocial effects. However, others have reported that adult patients are more concerned about psychosocial impacts rather than functional items. 17 It might be that double vision, for example, leads to feelings of tension and anxiety; in addition, function might be more important than psychosocial effects to teenagers. Therefore, ophthalmologists and nurses should pay attention not only to daily visual function but also to psychosocial concerns in teenage strabismus patients.
It is interesting that, in the present study, social function did not significantly differ between the two groups. Manifest strabismus might be expected to result in a negative social bias and teasing in teenagers. 18, 19 Nevertheless, some previous studies have shown a surprising lack of teasing and bullying of children with strabismus. 20, 21 It is also possible that because teenagers with strabismus are mostly able to control exodeviation at conversational distances, the exodeviation goes largely unnoticed by peers. Another reason might be the inclusion of only teenage patients in our study; it might be that their social influence is still developing and that this effect might be different over time.
The results of this study with respect to the influence of strabismus on QoL in teenage patients are consistent with those from previous studies. Generally speaking, it would be better to conduct patient-derived instruments when we create or improve vision-related questionnaires; however, most of the previous studies that have looked at the influence of strabismus on QoL have not used patient-derived questionnaires. [21] [22] [23] [24] [25] [26] A QoL questionnaire based on a patientderived instrument is thought to be more appropriate than one purely based on a researcher's or clinician's opinion. [27] [28] [29] Thus, in future studies, we need to further investigate the use of patient-derived, condition-specific QoL questionnaires compared with patient-derived, generic questionnaires, such as in the present study.
The main drawback of our analysis is our heavy reliance on a generalized HRQoL instrument. At the beginning of the study, there were no tools specifically tailored to evaluate the HRQoL of teenagers with eye diseases. In addition, our focus was only on Chinese teenagers, and our findings might not be necessarily applicable to teenagers of other ethnicities. More studies should be conducted with individuals of different countries or ethnicities.
Conclusion
Our results indicated that strabismus could significantly reduce the HRQoL of Chinese teenagers.
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